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Automation of laboratory
instrumentation’.
where is it going?
The editors of The Journal of Automatic Chemistry, as
individuals, have been exercising their thoughts for some
years about where automation is leading. It was in this context
that they discovered that they were not alone but rather
that there were a number of experts in the field who cared
about the goals and approaches of automation. From this
arose the idea of bringing forth The Journal ofAutomatic
Chemistry, in spite of the fact that there were many voices
crying-"what do we need another journal for?"
In the editorial columns we have often discussed what
automation in analytical chemistry is about and what its
large scale effects are. Automation is a systems problem and
therefore has wide ranging consequences. Undoubtedly we
have to concern ourselves with the immediate effects of
automation. The social implications may well be such that
automation has to be brought, albeit temporarily, to a halt.
In the longer run, however, none of us really believes that
anything will be able to prevent further development.
It is in this context that we have to ask ourselves in which
direction development will go. Although it is always hard to
make long-term predictions, there are usually strong indi-
cations available about what is going to befall us. As far as
automation in analytical chemistry is concerned the signs are
written on the wall, and the editors of The Journal ofAuto-
matic Chemistry would like to feel that they represent part
of that wall. The papers that are published should reflect
what the future is holding in store for us.
We would like to be more definite about this topic. After
all, we are living in the age of the electronic revolution and
the microprocessor. We would like to offer our opinions on
what the proliferation of increasing computer power and
falling prices will make available to us.
First of all, and this may disappoint some people, it will
bring more of the same. There will be greater ease of operation,
more push-button functions, more automatic programs for
evaluation, more processes that may be controlled. This will
continue for some time, and prices will continue to fall.
Although this development may be important for our
immediate future, it will not be of fundamental significance.
Significant developments come about only in situations
where 1+ equals 3. This means where, out of a multitude of
possibilities, some new feature arises that so far has been
unforseeable.
Now it is, indeed, very hard to predict the future on this
basis. Naming it is inventing it. But it certainly should be
possible to give an indication of the direction in which we are
going. The increased importance of software and memory
capacity it is estimated that in new instrumental develop-
ments for analytical chemistry these will make up as much as
50% of the development cost will allow us to dwell on
the field of cybernetic engineering: That is to say, we will
approach instrumentation from a behavioural point of view.
As a first step, instruments in analytical chemistry will be
equipped with a "training" or "learning" feature. Most
analytical procedures are the result of an optimisation
procedure. A machine can do this automatically and rapidly
if we know how to implement it. Although the machine does
not show behaviour in the strict sense of the word, we may
interpret it as such if it produces results that are contrary to
"what we might expect intuitively". For the designer the
task is still a comparatively simple one program and imple-
ment a known optimisation technique.
Real learning, however, assumes the evaluation of past
experiences. Instead of proceeding on a predetermined basis
an empirical basis is chosen. Past successes and failures are
recorded and retained for future use. Although we are still
operating in a deterministic realm (the same past together
with the same current conditions will produce the same
outcome) it becomes very hard to predict behaviour. The
designer faces a much harder problem. He has to program the
learning technique and will not be able to predict behaviour
in an individual situation. Such machines will perform
wonderfully in a more or less constant environment but in
extreme or abnormal situations erratic behaviour may occur.
The dangers that may ensue from this have long been recog-
nised. We may no longer be able to discern in sufficient
time whether a decision by a machine is going to be super-
clever or super-stupid.
As long as we stay in the field of analytical chemistry and
are able to cross-check results we stand a fair chance of
containing these dangers. It is predictable, therefore, that
learning techniques will spread quickly to analytical chemistry.
Hardware will evolve into multiprocessor systems but the
software task looks insurmountable at present. Adaptive
control theory will have to be developed further and become
essential knowledge for programmers and engineers.
It’s a long way to go. But, like evolution, it is unavoidable.
We had better prepare now to live with it. This should make
the difference between a bright and a gloomy future.
The difference from true evolutionary behaviour is, of
course, that we are still operating in a deterministic manner.
Only if we admit random elements to broaden purposely the
basis of experience can we get closer to evolution.
This is even more far fetched. Extrapolation of the rate
of development indicates that we may be there sooner than
we anticipated. Parallels can be drawn with genetic engineering
where living systems are manipulated. Some dangers have
been recognised and precautionary steps have been taken,
nevertheless development is going ahead at full speed. There
the future has started. In automation it will come too.
R. W. Arndt
From the Editor’s desk
International coverage of the Journal
In many respects The Journal of Automatic Chemistry
achieves the objectives laid down some two years ago when it
first emerged from an embryonic state into a fully equipped
publication. From the outset one of the main aims has been
to have an international base. The editorial board and the
corresponding editors cover many of the countries throughout
the globe as well as the full range of disciplines covered in
the term automatic analytical chemistry. We will continue
to update the editorial coverage to widen the scope and
international nature of the board. This month we are pleased
to wellcome Dr Joseph X. Dautlick to the team knowing that
it will be strengthened by his experience. The technical articles
published have reflected a very international aspect. This issue
for example includes the first paper from France which has
long been overdue. Automation is a world wide problem
although there are undoubtedly many national nuances.
In one respect we have so far failed to achieve an inter-
national flavour and that is in the coverage of meetings and
in editorial relating to new equipment. In the first respect
hopefully we can encourage corresponding editors to prompt
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and solicit reports of national meetings on automation.
As for information on new equipment we must rely on the
instrument companies throughout the world putting The
Journal of Automatic Chemistry firmly into their marketing
programme. Clearly this must be of value for them since one
of the major sources of technical papers is instrument evaluat-
ion. These must in themselves be based on internationally
accepted criteria and the guidelines currently under discussion
by the IFCC and IUPAC hopefully will provide a useful
starting point. To be of real value these must relate to new
and novel instruments. Unless these evaluations are valid and
provide information vital to a person or company currently
purchasing instrumentation they serve little if any purpose.
Identifying past evaluations is also an important point and
would be pleased if instrument companies would send me
reference to critical evaluations of their current instruments.
The aim of preparing a circulation list of instrument evaluat-
ions was set out in an editorial comment in Vol No 4 of
The Journal (page 181). Whilst we have not yet achieved
this objective it is firmly placed in our editorial programme.
Keeping abreast of instrumentation developments
Recently received information from Professor Frank Settle
concerning a study funded by the USA National Science
Foundation which feel would be of interest to readers of
the journal. It is therefore appropriate to set out here some
of that study. The study relates to a computer information
network for users of chemical instrumentation" scientific
instrumentation information network and circulation project
(SIINC). The bond between chemistry and instrumentation
has grown and chemists now rely on instruments to measure
and quantify a wide range of phenomena.
The tasks of instrument operation and maintenance
sampling and interpretation of results have become important
considerations for chemists of today. Selection ofinstrument-
ation has become and will remain a major factor in our lives
particularly with respect to automatic chemistry. The papers
on decision criteria published in the last issue aptly reflect
this aspect (1). How can the chemist keep abreast of the many
aspects relating to instrumentation particularly since micro-
processor technology has produced a quantum jump in the
range of resources available to us?
The project described by Professor Settle (SIINC)attempts
to fill the gap in the chemist’s knowledge and will eventually
provide an easily accessible computerised information system
capable of introducing the user to a particular instrumental
method and lead him through the information necessary for
an intermediate level of understanding. The method will it
is hoped be as useful to people experienced in the field as to
novices. The initial system will be composed of a series of
modules each module devoted to a single technique, using
where possible a standard format. Table shows a tentative
outline of the information to be collated.
Initially four instrumentation areas will be addressed from
among gas chromatography, atomic absorption spectroscopy,
liquid chromatography, mass spectrometry, nuclear magnetic
resonance spectroscopy, polarography, microscopy and
infrared spectroscopy. The first module will relate to gas
chromatography and the chairmanship of this has been
assigned to Professor Harold McNair well known as an
international expert in this technique.
The directors of this study are anxious to hear from any
persons or bodies who wish to relate to the programme as set
out in Table 1. Perhaps a further area for attention should be
automatic chemical analysis and this journal could provide an
input into the programme. The address for comment is
Professor Frank Settle, Chemistry Dept., Virginia Military
Institute, Lexington, Virginia, 24450, USA. Alternatively,
comments can initially b directed to the office of this
journal.
Peter B. Stockwell
Table 1. A tentative outline of data format
1. Basic phenomenon being measured (atomic or molecular, ion-
ization, vibrations, etc.)
2. Instrumental components
(a) Detectors (advantages and limitations of each)
(b) Signal modifiers (advantages and limitations)
(c) Output devices (displays, meters, etc.)
3. Instrument operating principle (data domain conversions)
4. Types of samples handled by method (physical state, organic
or inorganic, etc.).
5. Sample limitations (solvent required, minimum vapour pressure,
etc.).
6. Advantages in qualitative analysis (Functional group, number
and type of atoms per molecule, etc.).
7. Advantages in. quantitative analysis.
(a) Average amount required for analysis
(b) Relative accuracy and precision for
major components
ii minor components
iii trace components
iv ultra-trace components
8. Automation (what extent is possible)
(a) sample handling
(b) measurement and instrument control
(c) data analysis
(d) attachments for interfacing instrument to external computer
(e) unattached operation
9. Useful accessories with advantage/limitations and rough price
range
10. Major suppliers of this kind of instrument in the United States.
Name, address, phone number of a person to contact for
each of major suppliers of the instrument
2 Addresses for manufacturers who sell and service in the
United States
3 Rough estimate of price ranges for each manufacturer
11. Maintenance and operation of instrument
(a) Required facilities
i- space
ii electric power
iii air conditioning
iv water, gases.
(b) Major operating suppliers and estimated cost for one year
of operation, 40 hours per week.
(c) Recommended spare parts essential for first two years
operation of the instrument.
12. Required level of training
(a) for basic instrument operation
(b) for interpretation of instrument output data
(c) for experimental design using instrument
13. Sources of additional information (annotated)
(a) Textbooks
i- theoretical
ii- practical
(b) Bibliographies
(c) Applications notes for "cookbooks" available from manu-
facturers
(d) Computer data bases (applications, spectra, etc.)
14. Current innovations
(topic provides space for latest developments)
15. Illustrative applications (case studies)
16. Simple teaching experiments (references to available sources)
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